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SfflELDING ASSEMBLY AND METHOD 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention. 

[0001] The present invention relates to shielding assemblies and, more particularly, an 
improved shielding assembly that can be used with an intrusion detection system employing 
microwave radar. 

2. Description of the Related Art. 

[0002] A variety of devices generate electrical and magnetic fields that may require shielding 
to prevent undesired emissions. One example of such a device are intrusion detection systems 
that employ microwave radar. Such systems generate microwave pulses at a predetermined 
frequency to detect objects and the motion of such objects. Microwave radar systems also 
typically generate unwanted radio frequency (RF) emissions at other frequencies. Intrusion 
detection systems employing microwave radar are generally subject to governmental regulations, 
e.g., by the FCC in the U.S. and by the CE in the European Union, that place limits on such 
unwanted RF emissions. 

[0003] To attenuate the unwanted RF emissions, it is known to use a metallic box-like 
enclosure to enclose the electronic circuitry generating the unwanted RF emissions or to place 
the entire circuit inside a sealed metallic enclosure. Conducting elements entering and exiting 
the enclosure may also be filtered to reduce RF emissions. Although such metallic enclosures 
perform well in preventing the external emission of the unwanted RF energy, the metallic 
enclosures typically reflect, instead of absorb, much of the RF energy. The reflected RF energy 
can disrupt the circuits contained within the enclosure, generate noise within the system, and 
interfere with the filtering of the conducting elements entering and exiting the enclosure. It is 
also known to add foam or rubber sheets containing ferrite, carbon or metal powders to the 
interior of the enclosure walls to absorb some of the RF energy. These sheet materials, which 
may have military applications and be regulated by the government, are typically quite 
expensive. Consequently, a need exists for an alternative shielding assembly. 
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SUMMARY OF THE INVENTION 
[0004] The present invention provides a shielding assembly for an apparatus having a RF 
emission generating source, e.g., a microwave radar motion detection system, that employs an 
outer housing that inhibits the emission of RF energy through the housing and an internal body 
for absorbing RF energy that substantially fills the open volume within the housing chamber 
containing the source of the RF emissions. 

[0005] The invention comprises, in one form thereof, a shielding assembly for use with an 
electromagnetic field generating source. The assembly includes an outer housing comprising a 
conducting material wherein the outer housing defines a chamber enclosing the source and also 
defines a housing wall thickness. An inner body having a non-planar configuration substantially 
fills the chamber, i.e., it fills at least about 50% of the void volume within the chamber, and 
defines a thickness greater than the housing wall thickness. The inner body is formed of a 
composition comprising a polymeric material and a filler material comprising one of the group 
consisting of a semiconductive material and a dispersed conductive material. As used herein, a 
dispersed conductive material refers to a conductive material that is sufficiently dispersed within 
another material or substance such that the mass of dispersed conductive miaterial does not form, 
as a whole, a unitary conductive element. Advantageously, the inner body may fill at least about 
80% of the void volume of the chamber. 

[0006] The polymeric material used to form the inner body may be ABS or nylon and the 
semiconductive material may be carbon or graphite. The filler material may advantageously be 
between 2 to 10% , by weight, of the inner body. The outer housing may be a solid metallic 
material or a polymeric material with metallic fibers, e.g., an ABS plastic with stainless steel 
fibers. 

[0007] The invention comprises, in another form thereof, a shielded microwave transceiver 
assembly that includes a microwave transceiver circuit including a resonant oscillator coupled 
with a printed circuit board. The printed circuit board has a first major surface and an opposite 
second major surface and the resonant oscillator defines an oscillator projection extending 
outwardly from the first major surface. An outer housing comprising a conducting material is 
positioned in engagement with the first major surface wherein the outer housing and the first 
major surface define an area of contact circumscribing the oscillator projection. The outer 
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housing and the first major surface define a first chamber enclosing the oscillator projection. An 
inner body comprising a polymeric material substantially fills the first chamber wherein the inner 
body is spaced from and substantially circumscribes the oscillator projection. The inner body 
may also include a semiconductive or dispersed conductive material within the approximate 
range of 2-10% by weight. 

[0008] Some embodiments of the inner body include a first surface disposed substantially 
parallel to and facing the printed circuit board and at least one spacing element engaged with the 
printed circuit board to position the first surface at a predetermined distance, e.g., 0.05 inches 
(0.127 cm), from the printed circuit board wherein the first surface forms a substantial majority 
of the inner body facing the printed circuit board. 

[0009] The printed circuit board may advantageously include a grounding layer and a plurality 
of grounding vias comprising plated through holes electrically connecting traces on the first 
major surface to the grounding layer wherein the plurality of grounding vias define a plurality of 
staggered rows substantially circumscribing the first chamber. 

[0010] The outer housing and printed circuit board may also define a second chamber wherein 
the printed circuit board has a first portion disposed facing the first chamber and a second portion 
facing the second chamber, the area of contact between the outer housing and first major surface 
separately circumscribing each of the first and second chambers and substantially separating the 
first and second chambers. The printed circuit board includes a grounding layer and a plurality 
of grounding vias comprising plated through holes electrically connecting traces on the first 
major surface to the grounding layer, the plurality of grounding vias substantially circumscribing 
each of the first and second chambers. Such an assembly may be configured wherein the 
microwave transceiver circuit defined by the first portion of the printed circuit board generates a 
radio frequency signal and the printed circuit board further includes a conductive material 
defining a signal path communicating the signal from the first portion to the second portion of 
the printed circuit board with the signal path including a first microstrip second harmonic filter 
disposed between the first and second portions. The signal path may extend through the second 
portion of the printed circuit board and communicate the signal from the second portion to a 
transmitting antenna wherein the signal path includes a second microstrip second harmonic filter 
in the second portion of the printed circuit board. 
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[0011] The invention comprises, in yet another form thereof, a method of shielding a motion 
detection system having a resonant oscillator defining a projection extending from a printed 
circuit board. The method includes engaging the printed circuit board with an outer housing 
wherein the outer housing and printed circuit board define a first chamber, the oscillator 
projection being disposed within the first chamber and the outer housing comprising a 
conductive material. The method also includes positioning a polymeric inner body in the first 
chamber wherein the inner body substantially fills the first chamber, said inner body spaced from 
and substantially circumscribing the oscillator projection. 

[0012] The method may involve positioning the polymeric inner body in the first chamber 
prior to engaging the printed circuit board with the outer housing and further including the step 
of securing the inner body within the first chamber by securing the printed circuit board to the 
outer housing and thereby compressively engaging the inner body between the outer housing and 
the printed circuit board. The inner body may also include a substantially planar first surface 
disposed parallel to and facing the printed circuit board, the first surface comprising a substantial 
majority of the inner body facing the printed circuit board wherein the method further includes 
maintaining a predetermined distance between the first surface of the inner body and the printed 
circuit board by positioning at least one spacing element, that may be integrally formed with the 
inner body, between the first surface and the printed circuit board. 

[0013] An advantage of the present invention is that it provides a cost effective and easily 
manufactured shielding assembly that can be used with an intrusion detection system employing 
microwave radar to limit the unwanted RF emissions to the levels required by regulating 
governmental bodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The above mentioned and other features and objects of this invention, and the manner 
of attaining them, will become more apparent and the invention itself will be better understood 
by reference to the following description of an embodiment of the invention taken in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a view of an intrusion detection system incorporating the present invention. 

Figure 2 is a perspective view of an outer shielding body in accordance with a first 
embodiment of the invention. 
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Figure 3 is a another perspective view of the outer shielding body of Figure 2. 
Figure 4 is a front view of the outer shielding body of Figure 2. 
Figure 5 is a cross sectional view taken along line 5-5 of Figure 4. 
Figure 6 is a front view of an inner shielding body in accordance with the first 
embodiment of the invention. 

Figure 7 is a rear view of the inner shielding body of Figure 6. 

Figure 8 is an edge view of the inner shielding body taken along line 8-8 of Figure 6. 
Figure 9 is an edge view of the inner shielding body taken along line 9-9 of Figure 6. 
Figure 10 is a detailed view of a portion of Figure 9. 
Figure 1 1 is an exploded side view of the first embodiment. 

Figure 12 is a view of the primary surface of a printed circuit board used with the first 
embodiment. 

Figure 13 is a view of the primary surface of a printed circuit board used with a second 
embodiment of the present invention. 

Figure 14 is a perspective view of an outer shielding body in accordance with the second 
embodiment of the present invention. 

Figure 15 is another perspective view of the outer shielding body of Figure 14. 

Figure 16 is a front view of the outer shielding body of Figure 14. 

Figure 17 is a rear view of the outer shielding body of Figure 14. 

Figure 18 is a cross sectional view taken along line 18-18 of Figure 17. 

Figure 19 is a perspective view of the inner shielding body of the second embodiment. 

Figure 20 is fi-ont view of the inner shielding body of Figure 19. 

Figure 21 is an exploded side view of the second embodiment. 
[GDIS] Corresponding reference characters indicate corresponding parts throughout the several 
views. Although the exemplification set out herein illustrates embodiments of the invention, in 
several forms, the embodiments disclosed below are not intended to be exhaustive or to be 
construed as limiting the scope of the invention to the precise forms disclosed. 

DESCRIPTION OF THE PRESENT INVENTION 
[0016] In accordance with the present invention, an intrusion detection system 20 is shown in 
Figure 1 . The intrusion detection system includes a housing having a base 22 and removable 
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cover 24. Cover 24 includes an infrared radiation transparent section 26 positioned over mirror 
28 for reflecting infrared radiation to a sensor (not shown) on an infrared detection system on 
main circuit board 30. Cover 24 includes a port 32 for displaying a status light. Lights 32a-32c 
are used to indicate the status of system 20. System 20 further includes microwave radar module 
40 secured to and in communication with main circuit board 30. 

[0017] Base 22, cover 24 and infrared motion detection module 30 have a conventional design 
known to those having ordinary skill in the art. It is also known to provide dual technology 
systems which combine both microwave and infrared detection systems. For example, dual 
technology intrusion detection systems are described by DiPoala in U.S. Patent Nos. 5,077,548 
and 5,450,062, the disclosures of which are hereby incorporated herein by reference. 
[0018] In the illustrated embodiment, microwave module 40 includes a 10.525 GHz 
microwave doppler transceiver. The transceiver is used to detect human motion and the RF 
power at the intended 10.525 GHz carrier frequency is approximately lOOmW. It is desirable to 
limit the RF emissions outside the intended 10.525 GHz frequency to 1 |xW. In the illustrated 
embodiments, the second harmonic is at 21.060 GHz and it is desirable to limit the emissions 
outside the intended frequency to a level that is 100,000 times lower than the fiindamcntal 
power. 

[0019] To achieve this goal, module 40 is provided with RF shielding including an outer 
shielding member 42 and inner body 44. The outer housing 42 is best seen in Figures 2-5 and 
includes a conductive material to prevent the emission of RF energy through housing 42. Outer 
housing 42 may be a metallic part, e.g., die cast zinc. Outer housing 42 may also be formed by 
injection molding a polymeric material containing metallic fibers. In the illustrated embodiment, 
outer housing 42 is injection molded using acrylonitrile butadiene styrene ("ABS") with stainless 
steel fibers. More specifically, the stainless steel fibers may be added in an amount of 
approximately 1-2% by weight, have a length of approximately 0.050 inch (0.127 cm) and a 
diameter of approximately 0.0005 inch (0.013 mm). Alternative embodiments, however, may 
employ other conductive fibers and in other percentages. Inner body 44 of the shielding 
assembly is formed of a polymeric material and is best seen in Figures 6-10. 
[0020] Outer housing 42 defines a microwave oscillator chamber 46 and a mixing chamber 48 
separated by a partition 50. Outer housing 42 also includes an opening 52 in the oscillator 
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chamber 46. Opening 52 is generally cylindrical and includes longitudinally extending 
projections 54. Projections 54 are adapted for engagement by the threads 58 of screw 56. 
[0021] Module 40 also includes a printed circuit board ("PCB") 60 shown in Figures 1 1 and 
12. PCB 60 defines a microwave transceiver circuit including a microwave resonant oscillator 
that includes a dielectric "puck" 62 that forms a projection extending outwardly from the primary 
surface 64 of PCB 60 as seen in Figure 1 1. An example of a dielectric puck that may be used 
with the present invention is described in U.S. Patent No. 5,208,567 which is hereby 
incorporated herein by reference. PCB 60 is mounted to outer housing 42 with primary surface 
64 facing housing 42 and puck 62 projecting into oscillator chamber 46. Secondary surface 66 
of PCB 60 opposite primary surface 64 forms an exterior surface of module 40. PCB 60 also 
includes a planar ground layer 65 formed of a conductive material, e.g., copper. The ground 
layer 65 is disposed parallel to primary surface 64 and secondary surface 66 and, in the 
illustrated embodiment, at a location between primary surface 64 and secondary surface. In 
alternative embodiments, ground layer 65 may form the secondary layer 64. Puck 62 is axially 
aligned with opening 52 whereby a metallic threaded member, i.e., screw 56, engaged with 
opening 52 can be readily repositioned relative to puck 62 to thereby tune the frequency of the 
microwave oscillator by adjusting the gap between screw 56 and puck 62. Projections 43 define 
bore holes for receiving threaded fasteners to mount module 40 to main circuit board 30. 
[0022] Prior to mounting PCB 60 to housing 42, inner body 44 is positioned within oscillating 
chamber 46. Inner body 44 includes an opening 68 positioned to allow puck 62 to project within 
one end 70 and screw 56 to project within the opposite end 72. Inner body 44 is configured to 
closely match the inward facing surface 74 of chamber 46 and substantially fills the volume of 
chamber 46. For example, inner body 44 includes a slanted portion 45 that corresponds to the 
slope of interior surface 74 of chamber 46. Inner body 44 includes spacing elements 76 that 
engage PCB 60 at predetermined locations on PCB 60 that will not be affected by their contact 
with inner body 44. As best seen in Figure 10, in the illustrated embodiment, spacing elements 
76 are cylindrical projections that terminate in distal conical portions 78 which engage PCB 60. 
The use of distal conical portions 78 keep the surface area of the contact between inner body 44 
and PCB 60 to a minimum. Inner body 44 has a surface 80 that faces PCB 60 and when housing 
42, inner body 44 and PCB 60 are assembled together, spacing elements 76 maintain a spacing of 
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approximately 0.05" between inner body 44 and primary surface 64 of PCB 60 to prevent inner 
body 44 from degrading the performance of the microstrip circuitry defined on primary surface 
64. 

[0023] The illustrated embodiment is assembled by first positioning inner body 44 in chamber 
46 and then securing PCB 60 to housing 42. PCB 60 may be secured to outer housing 42 in a 
variety of w^ays, such as by a snapfit engagement, adhesives, fasteners or other suitable means. 
PCB 60 is snapfit assembled to housing 42. PCB 60 includes a projection 96 in its outer 
perimeter that fits within gap 97 in housing 42 to properly locate PCB 60. As extension 96 is 
slid into gap 97 the comers of the edge of PCB 60 from which extension 96 projects are slid 
under ledges 98 on housing 42 and then PCB 60 is secured within lip 99 which projects 
approximately .034 inches (0.864 mm) and is disposed on the perimeter of housing 42. 
[0024] After securing PCB 60 to housing 42, opening 68 in inner body 44 circumscribes puck 
62 and inner body 44 is compressively secured between housing 42 and PCB 60. Opening 68 
has a larger diameter than puck 62 whereby the interior surface of opening 68 remains spaced 
from puck 62 so that inner body 44 does not interfere with the operation of puck 62. As best 
seen in Figures 6 and 8, in the illustrated embodiment, opening 68 has a larger diameter at end 70 
which circumscribes puck 62 and a smaller diameter at end 72 through which screw 56 extends. 
The desired distance between inner body 44 and puck 62 will vary depending upon the 
composition of inner body 44. If inner body 44 includes a semiconductive material, a greater 
spacing distance will generally be desirable to avoid interference with the operation of puck 62. 
Similarly, an increase in the spacing distance will generally be desirable when increasing the 
percentage of semiconductive materials within inner body 44. The desired spacing will also be 
dependent upon the type of microwave oscillator that is employed. For example, bipolar 
transistor oscillators have more gain than comparable FET oscillators and are therefore more 
sensitive to nearby loading. Designs employing a bipolar transistor oscillator are thereby also 
more likely to benefit from the use of semiconductive materials in the inner body or the use of a 
higher percentage of such semiconductive materials. Empirical testing can be used to readily 
determine an appropriate distance and quantity of semiconductive material for individual 
designs. 
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[0025] Primary surface 64 of PCB 60 is illustrated in Figure 12. The general design of a 
microwave circuit board is known to those having ordinary skill in the art. An example of a 
known microwave circuit board is described in U.S. Patent No. 5,262,783 which is hereby 
incorporated herein by reference. Illustrated PCB 60 is adapted to function with shielding 
assembly 42, 44 to reduce unwanted RF emissions. In Figure 12, reference numeral 62a 
indicates the location of puck 62 (not shown in Figure 12). Similarly, reference numerals 46a 
and 48a respectively indicate those portions of PCB 60 that are disposed facing chambers 46 and 
48. That portion 46a of the microwave circuit board facing chamber 46 generates the radio 
frequency signal transmitted by module 40 in a manner well known to those having ordinary 
skill in the art. That portion 48a of the microwave circuit board facing chamber 48 includes a 
mixing diode and mixes the received signal and the transmitted signal in a manner well known to 
those having ordinary skill in the art to ascertain the presence and movement of an object in the 
volume under surveillance by module 40. 

[0026] PCB 60 includes a conductive material defining a signal path whereby the outgoing 
signal generated by the microwave oscillator passes through a multi-pole microstrip second 
filter 89 which is located in the siffnal nath between the oscillator chamber 46 and 
mixing chamber 48. Filter 82 is disposed facing recess 51 in partition 50 when module 40 is 
assembled. An additional multi-pole microstrip second harmonic filter 84 is included in the 
signal path and filters the outgoing signal a second time immediately prior to the communication 
of the outgoing signal to the transmitting antenna at through hole 92. As shown in Figure 1, 
secondary surface 66 of PCB 60 includes transmitting patch antennas 91 and receiving patch 
antennas 95. Plated through holes 92, 93 provide conductive paths between primary surface 64 
and antennas 91, 95 respectively. 

[0027] Figure 12 illustrates a large number of grounding vias 86, i.e., plated through holes that 
provide electrical connection between a conductive trace on primary surface 64 and the ground 
plane 65 of PCB 60. The black areas shown in Figures 12 (and in Figure 13) represent traces of 
a conductive material on primary surface 64. As discussed in greater detail below, the ground 
plane of PCB 60 and outer housing 42 act as a shielding enclosure to limit unwanted RF 
emssions. The ground plane and outer housing 42 are spaced apart, however, by the thickness of 
PCB 60 between primary surface 64 and the ground plane. Grounding vias 86 are used to 
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prevent or limit the emission of relatively small wavelength RF energy through this gap. A line 
of grounding vias 86 are located along the outer perimeter of PCB 60 and are spaced at less than 
1/10 the wavelength of the RF emissions of concern. As can also be seen in Figure 12, multiple 
rows, as indicated by reference numeral 88, of grounding vias 86 are also used to isolate 
chambers 46 and 48. The multiple rows of grounding vias 86 indicated by reference numeral 90 
are located along partition 50 to facilitate the isolation of chambers 46 and 48. The use of 
multiple staggered rows of grounding vias 86, as opposed to a single line of grounding vias 86, 
enhances the shielding effect of the grounding vias 86, however, the shielding of module 40 may 
also be enhanced with alternative configurations that employ only single lines of grounding vias 
86. 

[0028] As described above, outer housing 42 includes a conductive material, which in the 
illustrated embodiment is stainless steel fibers dispersed in an ABS material. A sufficient 
quantity of fibers are used such that the fibers are in overlapping contact and without significant 
gaps. During the injection molding of outer housing 42, the stainless steel fibers will tend to 
migrate away from the outer boundaries of housing 42. Thus, contact between the exterior 
surface of housing 42 and a grounded conductor will not ground housing 42 unless the surface of 
housing 42 is prepared in a manner that exposes a sufficient number of the stainless steel fibers. 
In the illustrated embodiment, the stainless steel fibers are not exposed to provide DC grounding 
between housing 42 and PCB 60, instead, an AC grounding of housing 42 is achieved by the 
formation of a capacitor between housing 42 and ground plane 65 of PCB 60. 
[0029] Although housing 42 performs well in preventing the emission of unwanted RF energy 
out of the enclosure defined by housing 42, housing 42 reflects, instead of absorbs, a significant 
quantity of the RF energy that impinges upon housing 42. The reflection of such RF energy can 
have undesirable effects on the performance of the system. The use of internal partition 50, 
grounding vias 86 at location 90 along partition 50, and filter 82 facilitate the isolation of the 
oscillator chamber 46 from the mixer chamber 48 and thereby limit the negative impact of such 
reflected RF energy. Additionally, inner body 44 is located within and substantially fills 
chamber 46, i.e., inner body fills at least about 50% of the void volume within chamber 46. 
Advantageously, inner body 44 fills at least about 80% of the void volume within chamber 46. 
In the illustrated embodiment, inner body 44 is an ABS material and includes approximately 
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4.5% carbon powder by weight. More specifically, the material used is an ABS Grade T 
material commercially available from G.E. Plastics Company, a subsidiary of General Electric 
Company with 4.5% carbon filler ± 0.5%. Alternatively, Polyac, ABS Grade PA-757 
commercially available from Chi Mei Corporation headquartered in Tainan County, Taiwan can 
be used with 4.5% carbon filler ± 0.5%. While outer housing 42 tends to reflect RF energy, 
inner body 44 is provided to absorb RF energy and convert it to thermal energy. The greater 
thickness of inner body 44 facilitates the absorption of RF energy transmitted therethrough. 
Advantageously, inner body 44 will have a thickness, as measured between PCB 60 and outer 
housing 42 in a direction perpendicular to primary surface 64, of at least about .25 inches (0.385 
cm). In comparison, the thickness of the walls of outer housing 42 are advantageously between 
approximately 70/1,000 inch (1.78 mm) to 1/10 inch (2.54 mm) thick. In the illustrated 
embodiment, inner body 44 has a thickness of 0.24 inches (0.61 cm) and a length of 1.24 inches 
(3.15 cm). Opening 68 has a larger diameter of 0.5 inches (1.27 cm) that is 0.120 inches (0.30 
cm) deep at end 70 and a smaller diameter of 0.35 inches (0.89 cm) at end 72. Inner body 44 can 
be economically manufactured by injection molding using a polymeric material such as ABS or 
nylon. Alternative embodiments, however, may employ other manufacturing methods and 
polymeric materials. The performance of the inner body in absorbing RF energy can be 
enhanced by adding a filler material to the polymeric material such as a semiconductive material 
or a dispersed conductive material. The filler material may advantageously be added in an 
amount ranging between 2-10% by mass of the inner body, however, other percentages of filler 
material may also be used with the present invention. For example, semiconductive materials 
such as graphite, carbon fibers or powder can be added to the polymeric material. The optimum 
amount of graphite, carbon or other semiconductive material added to the polymeric material 
will differ on the configuration and dimensions of the inner body as well as the characteristics of 
the microwave oscillator and the desired result. A range of 2-10% by weight of carbon powder 
or fibers added to an ABS material can be suitable for use in shielding the resonant oscillator of 
an intrusion detection system employing microwave radar. Alternatively, a dispersed conductive 
material may be added to the polymeric material. For example, powders of metallic materials 
such as steel, stainless steel or lead could be added to the polymeric material. The conductive 
material are sufficiently dispersed to prevent the inner body from becoming a conductive body. 
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In other words, while the individual filler particles may be conductive they are sufficiently 
dispersed to prevent the filler particles from forming a large unitary conductive mass within the 
inner body. 

[0030] A second embodiment of a microwave module is illustrated in Figures 13-21. In this 
second embodiment 40* features having similar functions to those described above with reference 
to the first embodiment are indicated with prime reference numerals. To avoid redundancy, a 
discussion of each of these features will not be repeated. As seen in Figure 13, the location 62a' 
at which puck 62' is mounted on PCB 60' is indicated. Additionally, grounding vias 86' help to 
isolate the oscillating chamber 46' from the mixing chamber 48' and define a boundary around 
both chambers 46, 48. Second harmonic filters 82' and 84' are located in positions analogous to 
filters 82, 84, i.e., at a partition separating the oscillating chamber from the mixing chamber and 
near the transmitting antenna. PCB 60' differs in that PCB 60' includes amplifying circuitry 94 
for amplifying the signal obtained from the receiving antenna and transmitted at through hole 96. 
Unlike PCB 60, PCB 60' has antenna elements (not shown) that extend outwardly from its 
secondary surface 66' to form the transmitting and receiving antennas. 

rnn^l l Tnnpr HnHv 44' differs; from inner bodv 44 in that bodv 44' has a two part construction 
i^v^^^j J - - - - ^ - . 

with a first portion 102 disposed within chamber 46', a second portion 104 disposed within 
chamber 48* and a bridge 106 connecting the two parts that extends through recess 51' in 
partition 50*. The primary source of RF energy is located in chamber 46' and consequently 
housing 42* and inner body 44' are configured to provide portion 102 with a greater thickness 
than portion 104 of inner body 44'. In the illustrated embodiment, portion 102 has a thickness of 
0.295 inches (0.75 cm) between PCB 60' and outer housing 42' as measured perpendicular to 
PCB 60* while portion 104 has a thickness of 0.055 inches (0.14 cm). Inner body 44' is an ABS 
material that does not include a semiconductive filler. Opening 68' has a diameter of 0.318 
inches (0.81 cm). 

[0032] While this invention has been described as having an exemplary design, the present 
invention may be further modified within the spirit and scope of this disclosure. This application 
is therefore intended to cover any variations, uses, or adaptations of the invention using its 
general principles. 
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